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October 15, 1992 

On behalf of the Regulatee and pun;uant to Unjt II B.I . b. ar.d Unit II C of the 
6/28/9ICAP Agreement, E.J. DuPont de Nemours and Co. hereby !;ubmits (in tripliC8te) the 
attached studies. Submission of this information is voluntary and is occasioned by unilateral 
changes in EPA's standard as to what EPA now considers as reportable information. 
Regulatee' s submission of information is made solely in response to the new EPA § 8( e) 
reporting standards and is not an admission: (I) of TSCA violation or liability ; (2) that 
Regulatee's activities with the study compounds reasonably support a conclusion of substantial 
health or environmental risk or (3) that the studies themselves reasonably support a conclusi·Jn 
of substantial health 'lr environmental r!~!r.. 

The "Reporting Guide" c.-eates new TSCA 8(e) reporting criteria which were not 
previously annOlmced by EPA in its 1978 SJ&tmtent of Intewremtion ;md Enforcement Policy, 
43 Fed Reg 11110 (March 16, 1978). The "Reporting Guide states criteria which expands 
upon and conflict~ with the 1978 ~~mretation. Absent amendment of the 
Statement of Intewr~. the informal issuance of the "Reporting Guide" raises significant 
due processes issues and clouds the appropriate reporting standard by which regulated persons 
can assure TSCA Section 8(e) compliance. 

~rlc H. Christman 
Counsel 
Legal D-7158 
1007 Market Street 
Wilmington, DE 19898 
(302) 774-6443 

Better Things for Better Living 
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ATTACHMENT 1 

Submission of information is made under the 6/28/91 CAP Agreement, 
Unit II . This submission is mc~de voluntarily and is occasioned by recent 
changes in EPA's TSCA §8(e) reporting standard; sur.h changes made, for 
the first time in 1991 and 1992 without prior notice and in violation of 
Regulatee's constitutional due process rights. Regulatee's submission of 
information under this changed standard is not a waiver of its due process 
rights; an admission of TSCA violatjon or lial)i1ity, or an admissi.on that 
Regulatee's activities with the study compounds reasonably support a 
conclusion of substantial risk to health or to the environment. Regulatee has 
historically relied in good faith upon the 1978 Statement of Interpretation and 
Enforct' ment Policy criteria for detennining whether study information is 
reportable under TSCA §8(e) , 43 Fed Re2 11110 (March 16, 1978). EPA 
has not, to date, amended this Statement of lnterpreta1iQn. 

After CAP registration, EPA provided the Regulatee the 
June 1, 1991 "TSCA Section 3(e) Reporting Guide". This "Guide" has been 

further amended by EPA, EPA letter, April 10, 1992. EPA has not indicated 
that the "Reporting Guide" or the April 1992 amendment supersedes the 
1978 Statement of Interpretailim. The "Reporting Guide" and April 1992 
amendment substantively lowers the ~ment of Interpretation 's TSCA 
§8(e) reporting standard:!. This is particularly troublesome as the "Reporting 
Guide" states criteria, applied retroactively , which expands upon and 
conflicts with the Statement of Interpretation. 3 Absent amendment of the 
~ment of Interpretati.Qn.. the informal issuance of the "Reporting Guide~ 
and the April 1992 amendment clouds the appropriate standard by which 
regulated persons must assess information for purposes of TSCA §8(e). 

21n sharp contrast to the Agenr.y 's 1977 and 1978 actions to soliciting public comment on the proposed 
and final ~8(e) Policy, EPA has unilal~rally pronounced §8(e) substantive reporting criteria in the 1991 
Section 8(e) Guide w\thout public notice and comment, See 42 fed Rei 45362 (9/9177), "1'4otification of 
Substantial Risk under Section 8(e): Proposed Guidance" . 
3 A comparison of the 197 8 Statement of Interpretation and the 1992 • Reportin~ Guide • is a appended . 
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Throughout the CAP, EPA has mischaracterized the 1991 guidance as 
refltx:ting "longstanding" EPA policy concerning the standards by which 
toxicity infonnation should be reviewed for purposes of §8(e) compliance. 
Regulatce recognizes that experience with the 1978 Statement of 
Interpretation may cause a review of its criteri. Reguuttee supports and has 
no objecti.on to the Agency's amendir1g reporting crittria provided that su-:h 
amendment is not applied to the regulated community in an unfair way . 
However, with the unilateral announcement of the CAP under the auspices of 
an OCM enforcement prcceeding, EPA has wrought a terrific u1faime:.s 
since much of the criteria EPA has espoused in the June 1991 Reportin& 
~and in the Agency's April 2, 1992 amendment is new criteria which 
does not. exist in the 1978 Statement of Interpretation and Enforcement 
Policy,. 

The following examples of new criteria contained in the "11eport:ng 
Guide" that is not contained in the Statement of Interpretation follow: 

o ewn though EPA expressly disclaims each "status report" as being preliminary 
eval~Utions that should DQ! be regarded as final EPA policy or intenr4, the "R~porting 
Guide" gives the "status reports" greal weight as "sound and adequa!e basis' from 
which to determine mandalory reporting obligations. ("Guide" at page 20) . 

o the "Reporting Guide" conwins 11 matrix that establishes new numerical reporting 
·cutoff" concentrations for acute lethality information ("Guide" at p. 31 ). Neither 
this matrix nor the cutoff values therein are contained in the Statement of 
~Will.n. The regulated community was not made aware of these cutoff values 
prior to issuance of tte "Reporting Guide" in June, 1991 . 

othe "Reporting Guide · states new specific defmitional criteria with which the Agency, 
for the first time, deflites as 'distinguishable neurotoxicological effects' ; such 
criteria/guidance not expressed in the 1978 Statement of lnlerpretation. 5; 

othe "Reporting Guide" provides new review/ reporting ctiteria for irrilll.tion and 
sensitization studies; such criteria not previously found in the 1978 ~· 

lntellJretation!Enfo(I;~Qliu . 
othe "Reporting Guide" publicizes certain EPA Q/A criteria issued to the MonS&Dto 

Co. in 1989 which are not in the Statement of lntellJretation; have never been 
publishrd in the federal Register m· d.i.;tributed by the EPA to the Regulatee . Such 
Q/ A establishes new reporting C!'i<eria not previously found ill the 197 3 Statement of 
lnlerpretation!Enforc~·::;, Policy . 

4-rbe 'status reports' address the significance, if any, of particular information reported to th! A1ency, 
rather than st~oting EPA's interpretation of §8(e) reporting criteria. In the infrcqumt insbmces in which the 
status reports contain discussion of repol'tllbility, the analysis is invariably quite limitrd, without 
su;,stantial supporting scientific or legal rationale. 
5 See, e.g, 10/2/91 letter from DuPont to EPA regarding the d.:fmition of 'serious and prolonged 
effects ' as this term msy relate to transient anesthetic effects observed at lethal levels; 10/1/91 letter from 
the American Petroleum Institute to EPA regardmg clarification of the~ c.:ritetia. 
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In discharging its responsibilities, an administrative agency must give 
the regulated community fair and adequate warning to as 
what constitutes noncompliance for which penalties may be assessed. 

Among du~ myriad applicatioos of the due process clause is the fundamental principle 
Chat statutes and regulations which purport to govern conduct must give an adequate 
warning of what they command or forbid . .. . Even a regulation which governs 
purely eoooomic c• :ommercial activities, if its vio~ . ..l.ion can engender penalties, 
must be so framed as to provide a coostitutionally adequate warning to those whose 
activities are governed . 

Diebold. Inc. v. Marshall, 585 F.2d 1327, 1335-36 (D.C. Cir. 1978). See 
also, &!llins Environemnta] Services (NJ) Inc. v. U.S. Environmental 
Protect\on A~ency, 937 F. 2d 649 (D.C. Cir. 1991). 

\\~ile neither the are rules , This principle has been applied to hold 
that agency 'clarification' , such as the Statement of Interpretation, the 
"Reporting Guide" nor the April1992 amendments will not applierl. 
retroactively . 

. . . a federal court will not retroactively apply an unforesP.eable interrretation of an 
administrative regulation to the detriment of a n.-gulaWd P·' 'y on the theory that the 
post hoc interpretation asserted by the Agency is gener: .. 1.sistent with the 
policies underlying the Agency ' s regulatory program, wL · " semantic meaning of 
the regulations, as previously drafted and construed by 'he . Pt- iornate agency, does 
not support the interpretation which that agency urges upon the court. 

Standard Oil Co. v. Federal Ener~y Admir.istration, -153 F. Supp. 203 , 240 
(N.D. Ohio 1978), af['Jl ~nom. Standard Oil Co. v. Department of 
Ener~y. 596 F.2d 1029 (Em. App. 1978): 

The 1978 Statement of lnte:pretation dr:res not provide adequate notice 
of, wd indt--ed conflicts with, the Agency's current position at §8(e) requires 
rep0rting of all 'positive' toxicological findi:1gs without 
regard to an assessment of their relevance to human health. In accordance 
with the statute, ~p A's 1978 Stattment (Jf Interpretation requires the 
regulated community to use scientific judgment to evaluate the significance of 
toxicological findings and to determining whether they reasonably support a 
conclusion of a substantial risk. Part V of the Statement of Interpretation 
urges persons to consider "the fact or probability" of an effect's occurrence. 
Similarly , the 1978 Stateme!ll..Qflnterpretation stres:ies that an animal study 
is reportable only when "it contains reliable evidence ascribing the effect to 
the chemical." 43 Fed Re~. at 11112. Moreover, EPA's Statement of 
lDterpretation defines the substantiality of risk as a function of both the 
seriousness of the effect and the probability of its occurrence. 43 Fed Re~ 
1111 0 ( 1978) . Earlier Agency interpretation also emphasized the 
"substantial" natUJe of a §8(e) determination . See 42 Fed Re~ 45362 , 4536:3 
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(1977). (Section 8(e) finding '\ 1equire "extraordinary exposure to a chemical 
substance ... which critically ;mpe;il human health or the environment"]. 

The recently issued "Reporting Guide" and April 1992 Amendment 
guidance requires reporting beyond and inconsistent 
with that required by the Statement of Interpretation. Given the statute and 
the Statement of Interpretation's explicit focus on substantial human or 
environmental risk, whether a substance poses a "substantial risk" of injury 
requires the application of scientific judgmer.t to the available data on a case
by-case basis. 

v 
If an overall weight-of-evidence analysis indicates that this 

classification is unwarranted, reporting should be unnecessary under §8(e) 
because the available data will not "reasonably support the conclusion" that 
the chemical presents a substanti.al. risk of serious adverse consequences to 
human health . 

Neither the legislative history of §8(e) nor the plain meaning of the 
statute s· PJX>Tt EPA's recent lowering of the reporting threshold that TSCA 
§8(e) was intended to be a sweeping information gathering mechanism. In 
introducing the new version of the toxic substances legislation, 
Representative Eckhart included for the record discussion of the specific 
changes from the version of H. R. 10318 reported by the Consumer 
Protection and Finance Subcommittee in December 1 ·775. One of these 
changes was to modify the standard for reporting under §8(e). The stan':lard 
in the House version was changed from "causes or contributes to an 
unreasonable risk" to "causes or significantly contributes to a substantial 
risk". This particular change was one of several made in TSCA §8 to avoid 
plac:ng an undue burden on the regulated community. The final changes to 
focus the scope of Section 8(e) were made in the version re;x>rt~.d by the 
Conference Committee. 

The word "substantial" means "considerable in importance, value, 
degree, amount or extent". Therefore, as generally understood, a 
"substantial risk" is one which will affect a considerable number of people or 
portio:1 of the environment, wil! cause serious injury and is based on 
reasonably sound scientific analysis or data. Support for the interpretation 
can be found in a similar provision in the Consumer Product Safety Act. 
Section 15 of the CPSA defines a "substantial product hazard" to be: 

"a product defect which because of the pattern 
of defect, the number of defective products 
distributed in commerce, the severity of the 
risk, or otherwise, creates a sub£tanti:d risk 
of injury to the public." 



6 

Similarly, EPA has interpreted the word 'substantial' as a quantitative 
measurement. Thus, a 'substantial risk' is a risk that can be quantified , See, 
56 Fed Rei 32292, 32297 (7/15/91). Final!y, since information pertinem tc 
the exposure of humans or the environmer.t to chemical substances or 
mixtures may be obtained by EPA through Sections 8(<') ar.d 8(d) regardless 
of the degree of potential risk, §8(e) has speci~lized function. Consequently, 
information subject to §8(e) reporting ~hould be of a type which wo•.1ld lead a 
rea~nable man to conclude that some type action was required immediately 
to prevent injury to health or tl1e environment. 
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Attachment 

Compsrison: 

Reporting triggers found in the 1978 "Statement of Interpretation/ Enforcement 
Policy" ,43 Fed Re2 11110 (3116178) and the June 1991 Section 8(e) Guide. 

TEST TYPE 1978 POLICY New l~i GUIDE 
CRITERIA EXIST? CRITERIA EXIST? 

ACUTE LETHALITY 

Oral N} Y} 
Dermal N} Y} 
Inhalation (Vapors) }6 }7 

aerosol N} Y} 
dusts/ particles N} Y} 

SKIN IRRITATION N yB 

SKIN SENSITIZATION (ANIMALS) N y9 

EYE IRRITATION N y!O 

SUB CHRONIC 
(ORAUDERMAL/INHALA TION) N yll 

REPRODUCTION STUDY N yl2 

DEVELOPMENTALTOX y!3 yl4 

643 Fed Re& at 11114, comment 14: 
"This policy statements directs the reporitng of specifiec effects when unknown to the 
Administrator. Many routine tests are based on a knowledge of toxicity associated with a 
cbemicaiL unknown effects occurring during such a range test may have to be reported if 
they are those of concern tot be Agency and if the information meets the criteria set forth in 
Parts V and VII." 

7~ at pp.22, 29-31. 
8~ at pp-34-36. 
9QJ,llik at pp-34-36. 
IOQ.Wsk at pp-34-36. 
llQjlli!~ at pp-22; 36-37. 
1 2.Qlllit~ at pp-22 
::.;4J~atllll2 

"Birth Defects" listed . 
14Q.uisk at pp-22 



NEUROTOXICITY 

CARCINOGENICITY 

MUT AGEMCITY 

h Vitro 
In t . KJ 

ENVIRONMENTAL 

Bioaccumul~tion 

Bioconcentrarion 
Oct/water Part. Coeff. 

Acute Fish 

Acute Daphnia 

Subchronic Fish 

Subchronic Daphnia 

Chronic Fish 

AVIAN 

Acute 
Reproductive 
Reprodcutive 

15~ at pp-23; 33-34. 
1643 fed Rei at I 1112 

• Cancer • listed 
17~ at pp-21. 

N 

y16 

Y}18 

Y} 

Y} 
Y}20 

Y} 

N 

N 

N 

N 

N 

N 
N 
N 

1843 Fed Rei at I I 112; Ill I 5 at Comment I 5 

8 

· Mutagenicity" listed/ in ~w Y.:i in~tro discussed; discussion of • Ames test" . 
19Q..Illile at pp-23 . 

2043 Fed Rei at I I I 12; 1 I I 15 at Comment 16. 

y15 

y17 

Y} 19 

Y} 

N 
N 
N 

N 

N 

N 

N 

N 

N 
N 
N 



CAS# 5~4-84-9; 9016-87-9 
Chern: . d toluene 2,4-diisocyanate; 

(2) polymethylene polyphenylisocyanate; 
(3) 4,4-methylene bis cyclohexylisocyanate 

Title: Immunopathologicl features of isocyanate compou&'ds 
Date: 4/16174 
Summary of Effects: TDI exposed guinea pigs revealed permanent 

exudate consisting mainly of polymorphonuclear leucocytes 
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WJ.IUN0PATHOWG ICAL FEATURES OF ISOCYANATE C:a.1POUNDS 

H1111k~ll laboratory Report No. 249-711 

Medica Research Project No. 10-C-5 

The aerosol exposure and meas•Jrementf; of aintay resistance 
were perfor.ned by Miss ~hode M. Brown •mder the direction of 
nr. Franklin D. Griffith. The passive cutaneous anaphylaxis 1tnd l.!el 
dif!'us ion tests were carried out by Mr. Frands L. Ulmer and 
Mr. William I. Swan nnder the direction of Dr. Ki Poong Lee. r.ros s 
ptilholo~· .v wac carrit!u out by Mr. August H. St.enholJn, Mr. William I . Swan 
and Mr. Francis I.. Ulmer ul!der the supervision r>f Dr. Rudolf Culik 
a~d l:'r. Ja;ne r. lj. Aftosmif;. r.licroscopic slides were prepared by 
!-Irs. ,Tean A. Hostetler, ~;r. Anthony T. DiLorenzo and Mrs. Joan A. Dimeler 
umler the cHrection of Dr. Ki Poong Lee. Hiotop3thologic evaluation 
o f the tissues was conduc t ed by Dr. Ki Poong Lee. 
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IMMUNOPATHOlJ.XHCAL FEATURES OF ISOCYANATE C().lrotJNDS 

Haskell lAboratory Report No. 249-74 

Medica! Research Project ,Jo, 10-C-5 

SUMMARY ---
The cauaal relationship between airway ~sistance and 

pathological chAnges, as well as i~nological response, was examined 
for guinea pigs following consecutive aerosol exposure to tolueue 2,4-
diisO~YRnate (TDI)t'methylenebisphenrl isocyanate (MDI),~poly-
methylene polyphcnylisoc&'?lnate (PAPI'-~) "'and 1~,4-methylenebiscy~lo-
hexyl iso~;anate (Hylene W).' Serum antibodies were detected by 
passive cutaneous anaphylaxis (PCA) test in the sera from guinea pigs 
exposed to TDI bv.t other isocyanates ~ailed to produce positive results 
when test~d nt lower concentrations. Significant elevation of airway 
resistance in response to a single challense exposure to TDI was obtained 
after consecutive sensitization ex~·>surefl, tmgger.ting an asthma-like 
response. ChalJ.enge to PAP:r® produr.ed slight airway resistance; other 
isocynnates failed to eli 2it airway resi~tnnce followir.g challenge at 
lower cor.cent:.'&.tions. Guinea pigs exposed to TDI revealed praninent 
exudate consistin~ mainly of PMN (polymorphr,nuclear) leucocytes in the 
airways and it superimposed to obliterative bronchiolitis. Prominent 
obliterative bronchiolitis with precipitate of inhaled material WBS 
found in the guinea pig." exposed to PI\P.r®. Other isocyanates induced 
sli~ht tracheobronchitis. 

* ~P.g1fltererl t.'f"l'lrlP.JMrk nf l' .Jjohn C'ompany for polymethylene pol;vphenyl
lsoeyana le. 



IMMUNOPATHOLOOICAL FEA'ru~S OF ISOCYANATE CCMPOUNDS 

Haskell lAboratory Report No. ?.49-~:~ 

Medical Research Project No. lA-C-~ 

INTROOOCTION 

Isocynnat~o nrc widely used today in the production of polyurethane 
foam, paints, hcquers, adhesives, and insulating materials. Zapp described 
in detail the toxicological and industrial ·: :Jpects of isocyanate& (76). 
Isocyanate vapor, which is liberated during the production of tl:ese producta, 
has been known to cause irritation of akin, mucous membr&iles of t le con
junctiva, and respiratory tncts of aniJMlA and huti.,ns (10, ~2, 1~3, ... )), 
In addition, there were reports i;·.dicating ext ·tnsic asthma-like reaction.-; 
in workers who were exposed repeatedly to low concentratioos of these 
canpounds (3h, fi~, 69, 75), Respiratory hypersensitivity creates n serious 
problem among workers because hypersensitive persons become unable to work, 
Cumulative effects of toluene ?,1~· -dlisocyanate (TDI) on the lung and 
decreas~d pu~nonary fUnction were found among symrtomRtic and asymptomatic 
workers (56, 59). 

Important questions have not been fUlly explained for many years as 
to whether asthmatic syrnptome and p.~l.mcrlary lesious resulting from isocyanate 
exposure were related to immunological reactions or to direct chemical irri
tation, The purpose of this study is an attempt to determine tmmunogenicity 
as well as croDs-nntigenicity of isocyanatcs, and furthermore, =~~oal re
latiooships between pathological changes of the lung and immunological 
, •sponsc. 

MATERIALS AND METHODS 

Aero11ol Expo~:ul'f!' 

After a aeries of inhalation tests for guinea pigs with various 
concentrations of the isocyanntes to determlr.e tole~ble concentrations 
for consecutive sensitization exposures, ~0 male albino ~•1nen pigs were 
dlvlJed into five e4ual g1·oups and exposed as fo:£.1ows: 

Group 1 - Serverl ar ,,ont.rol and exposed to n1r. 

Group 2 - Exposed to TDI at. an average of (,0, 7 IJ.g/L during 
sensltizatlou aud 9.1 IJ.I!./L for 11 single challenge 
exposure, 
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MATER~ !Jro METHODS (Cont.1t1\!!!!) 

.. erosol Expoaure (Continued) 

Group ~ - Exponed to an avemge of ~ . 6:; ~g/L or polyethyJ.eM• 
polyphonyliaooyanate (PA~i~) during senaitizatio~ 
anll '•· 60 .,.~/L for a Hingle challenge expos u~. 

Group '' - Expoood to lln ~vc:rugo of C.')l: .. ;,/': .. of' mcth:;!.cr.cbil:phcr.;,·! 
1aocyanate (MDI) during sensitizlltion and ?,') ..-g/L for" 
!lingle challenge exposu~. 

Group ~ - F.xJ.I('~e1l to ~an average of G,70 ..-g/L of !,,4-t!!eth,vleMbia
cyclohexyl laocyanate (Hylene~ W) as the ~ensit1:1n~ 
oxpoaun and lJ() .,.g/L for 11 single chAllenge cxpoo ~rc. 

Isocyanate aerosol• we" obtAined by heating at 7,. -vo•c in an 
apparatus as sh01m in Figure l, Dry house~ir was meterea into a rourut• 
bottomed flask containing th• hocyanate through 11 !lt.ainless st<:el nc\">•Jllt~r. 
'Ille aerosol pnoaed through a tJlaU lide-e.nn dell wry tu~ w llh IUl al r 
dilution port into an 18-11 ter bell jar which was uaed as &.n exposun! 
chamber. Samples of the chamber atmocphere ve~ taken at least th~e t1r.:ee 
during each ~xpoau~ IUld analyud by using the colorimetric method (_~'/, 1,~), 
.\ft sensitizing e..-poaun!s, 011• group of z.;lx ~ulnea piga VI!~ expose!l to each 
hocyanate four houre per day for five dAys. Subsequently, tvo weeks n.rter 
the last ccns1t17.lrlij expoaure, tho guinea pigs received a sir~gle challom:e 
UXP\JIIUr~ for fwr hwrs, n11"e0 animalS 'ot'C~ sacrificed iiTll!'ll!'t11JI\tP}y "f't.t"Y' 
t.ho cht'.llcngc exposure t.nd another three &ni.mals ve re l:illeri seven days 
lutt'r fo:r pl\tholof.;lctt.l ~xam1nat1on. IHood was collected f'l"uul t.h~ heart. at 
the time of ~he sncr1f1ce in order to obtain anti·iaocyanate immune serums 
f'or PCA and tho ~ol diffusion teet, Lungs vere fixed by infusion vith 
f\ouln' o solution IUHl prepo.r~ fur tni croacop1c slides. 

f.MSIVE CU'l'ANEWB ANAPIIYLAXIB (I'CA ) 

Methods bnned on n n!port. of CM\ry were used (51). A series of 
t.l tMt.1nn t.rnt.n ..,,.,.,. ~rfonnnt1 on the skin of guinea pigs usin~ various 
ooncentrations or th" isocyanAte comround!l in order to detenninc pMper 
cuueentn~ol.iuuu for· u challonl(e dose and to avoid non-sveclf'ic ~action, 
Slx test sll.eu wv~ prepnrud on the dorsal surface of the skin of a guinea 
pll-(, llfter shav1n~ the fur ;>I, hours prior to intradennal injection of the 
kntlsem. tiuinoa p1v.o 'lfcre l1Ut1D1 vely aenslti:r.ed by introdennal injectiou 
vtt.h 0 .1 ml of nntlot'ro, flftor a btent period of ~'' hours, 0.5 to 1 ml or 11.· 
J•:v,ll' r. blue ()yo 1n nnlinr "'"" 1n,lto,~t . ,., rl lnt.rn~RmiR11:V ttno t.hPn O,'i ml of 1~· 
1'llT, 1'1 MnT, 1',(. PArr ·u nno 0, H Jlylentt1~1 w in dioxane we~ r.pplied topically 
011 the sP.c3 injectr.cJ with thl! l'l.ntisera. Tile site injected vith TDI 
•ntiserwn w..1s used nn '' poulll~ ccntrol and nonnAl serum VAS UIH~d as a 
''"~Rt.i vc control. A1no, s1 tttn where illocyanate alone was applied we~ 
1111rrl 1\f; neglltl '"- controln. Tr1 addition to guinea ~ig anti·i11ocyanatc sern, 
h111wm sent from fi vc rubjoct.n, clinically suspected to be hypersenHil.ive 
t,o TnJ. vcrc 31;h,1cdr:cl t.o thin toot, 

He1;1stercd t.mclt·rr~LI'k of IJp,lohu r.omp~ul,V for polymethylenc polyphenyl
lnocynnat.e, 
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In oi'der to obtain i:mnune antisera for ilocyanatu, omt grwp of 
rabbitl and guinea pis• were immunized by daily topical akin application 
with 0,5 ml or 1$ isocyanate in ~ioxano to the ohaved bao~ for two weeks, 
Another 1roup or animals rec~ived intramuscular injections ror 10 d~ys 
with 0, P ml or iaoc~ato antigen which was prepared by mixing l mJ. of 10% 
iaocyaMt"" w1. ~~. 10 ml or incomplete F.reund '• adjuvant, 

GEL•PIFlUSION TEST 

The gel~iffu1ion teat was based on the procedure• dtlcribed by 
Ouchterlony (50) &ild Lee and Olson (40). TDI-bovine serum ll.l.bWTdn (BSA) 
conjucate wa. p1~pared by a modification or Campbell (16), 

~JLMONACX fUNCTION TEST 

AiNay reaiatance was measured by a IDOdification ot thtt method 
deacribtd by Amdur and Mead (1). 

RESULTS 

Clinical Ob1ervation 

Durina •enaitization and ~halleng~ exposure to TDI, the guinea pigs 
revealed reatpiratory ditficult.y, i.e,,mouth ~reQthJng, or paping for air. 
The anirnab allo fthowed general di:Jcomfort cuch as hyperomic eara, hyper
actiVity with subae~uent depressiou, 1Ac:rinnt1on, nasal dilcharee, cyanneh 
and 1nooerd1nat1on. Ir.~ comparison with the TDI exposurea, animall exposed 
to MDI, PAPr'l and Hylene® W develo})f'd m.'Lld reapi:ratory dhtrou, ~r
activit:y and ear hyperemia. A't the b~ginning of each expoaure, the control 
group val excited and then becrt ;,~ reatleaa thrwghout the expo~-4'e period. 
Tho blood c-ell cuunt NV't!aled nonnr .. l llmi ts of eooinophH number, but hetero:;>hil 
number W'll increased moderAtt'ly ~n &11 of' the auimals follCNinlt exposure to 
the ilooyanates. 

Airway Boalltance 

'nle results of the airway resletance mensuremcntll during the control, 
sena1tlr.ation, recovery, and challenlo(e exponures with the fouJ' iaocyanates 
are Uluatrated in Figure ~ and T:1ble I. The averngc of t.he meaeurement11 
made on the control &nimls was uoed as the control baseline for coarpe.riM 
each ~troup'e rn~ponse. During the sons1t17.Ation JlCriod, the •n1mals expo11ed 
to Till developed steop otepwise increases in e.inte.y reeiltAnce and attained 
valufta approximately thrt'e times hiv,h"r than the baseline levela. In the 
case of' f'APJ® and :·::ylene110 w, si'M.ll but stathtica.lly signtrl('l\nt increllaes in 
aintay roailtance were ~cognized during sensitization, whilo ani.mals exposed 
to MDI woro within the bKseline levels. In the recovery por1~. aintay 
resiatanoo ot animals exposed to TDI decl~tused gradually and returned to b&~:e
line lftV•ll. In contrast, a.nimals exposed to the other iloc~nates returned 
to w1t.h1n bauline levels after a short period of t.ime. After a dngle challcn~~e 
expoaJUra, t.he airway reaiatance increased abrupt.ly 1n the anlmala exposed to 
·rm, whih aninala expoa.el.l t.o PAJ't~1 ohowed a alight increaae in the aintAf 
re:;ioto.ncc. llowc·rer, animA is ~"'!fJ'OII<'•I t." Mf'II ""d ~lene~•~ W dirt not produce 
nny otl\t1nt1cally significant increnno in 11lntuy rcsistanco. 
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RESUl,TS (Continued) 

.!::!!!d·'"' Cut:.tml!"nus Anaphylaxis (PCA) ReAction 

Tho results of cross nenoitization ~ ~~ ou~rizod in Table II. The 
suinea pi~s stncitized with TDI antisera ohowed positi~ reactions, while 
ol.htH inocyanates failed to elicit the PCA reaction (Fla. "1'. Thei~ were no 
crou senlitlzatlon reactions between TOI !lnd the other isocyanates (Fig.l:"'•l'T), 

Tho sensitivity of reaction with TDI was not pret'h~ly equal in 
sensitized areas of the aldn. 111e ~ntcrior dorsal skin and nea!" the 
midline revealed r.lear-cut blue spots. nle lateral akin showed ~omewhat 
more dif!Uae coloration. The most intense coloration was obtained in the 
nuchal skin, whereas caudal skin revealed less co~.orotion. When 0.1 ml of' 
l·f. ·rnr in dioxane was injected int radernnlly as tho challenge dose, the 
ccntrnl portion of the injection sites exhibited yellowish-white spots due 
to necrosil, and blue coloration developed around the necrotic spots. However, 
topicBl •kin application with the challenge dose did not cause any necrosia 
a11d developed st.rong 11nifonn blue spots. Positive reactions appearet'l "fithin 
throe minutes after challenge and reached max1.m•un intcmnity within 15 :ninutco. 
~ubsoquently, the blue spotn faded grodually, but. a Ce.int tro.ce of blue color 
wo.11 ~:till recognized l18 hour:l artor the challeng<!. 

The undiluted nntisero from a group of guinea pigs which were sensi• 
tizert by aerosol exposure with four icocynnates were tested. In ad11tion, 
antisera from other groups of rabbits and guinea pigs immuni7.ed by intra
musculll r injection with Freund's adjuvu.nt or t.op.tcal sll.~n application wP.re 
diffused on micro-Ouchterlony slid3s against. Tni-DOA antigen or 1~ solution 
of ro,Jr cU fferent isocyanatcs in diox11nc, Precipiti'1 line did not for:n in 
any of the gel diffUsion tects using different combinations of the anti~t>nR 
anti o.ntilora. 

Pn t.hology of Skin 

r.rt:~nnly, 1 rrcgul:lr-:;h!!.pcrl blue a pots were foun d on the cutaneous 
surface oJ' the react len sites, nml the subcutaneous t.i ltJUe wtt.o severely 
eduma tuus' ~elatinous in appearance and tinged with blue uye eo lora tion. 
Tho siten which wP.re f nject.eu w lth tt ·.- control oerv. nnr't c-h11 lll'!n~ed by the 
i11ocyanntea revealed a slight polymorphonuclear (PMN) leucocytic infiltrot.ton, 
ttUJ)(>cially around the perivncculur nroan of the rlennio, tht" t'ibrous t;ept" 
of tLdlpou t.lssue anc.i lut.erstltlnl t.inuuo of the muscle. 'l'hc sites t.hnt 
wttre sensitized with 1'01 antisera and challenged by 'rDI exhlblted prominent 
leuco11taal11 and lcucwinpedesir. with cllemt1 in the nuhcut.!lneouM tissue (Fltl:. '1) . 
There were large nccwnulations nf' 1-t-1N ,,.,,~ocyt.et; 111 t.he flllro,Js sept.!\ betWtlt'n 
thf'l llubr.ut.!lneous rat lobules and intersti tlnl tl;JIIue of the muscle ( F'ig. 'J ). 

After :•1, hours post-challenge, the ntUnber '"'f PMN lelH~ocytes and edema 
dec reaned marke1ly and was gradually replaced by lymphocytca nnd monocytes, 
Thtl 111 teo which were senr.1 tizetl wl Lil •JLI'"''' lsocynnntco nnd <.'hnllcnr,ed by 
con't:t~J>OIItllll~ il;ocynnntcG or croso-c:hnllcnged by Tnt rf'venlecl n ~imilar 
tinnue nmction as obse~d nt tht- control sites. 
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The ouporficial cella of the air paaaa~ea were necrotic and partially 
sloughed orr klt. :ra~ly extenc!ed into the smooth mu:scle of the bronchial tree. 
Tho rematnin~J epithttlium ahowet1 :1yp~rplAsia and hyperactivity of the mucous 
tllecretlon. Moat of the air po.sl!a.gcc were filled ,.,ith mucinous or fibrlnous 
exudate wht~h ~nntAtned predominently PMN leucocytes, deaqunmntcd ~plthellal 
cellc 11nd" fetw rounrt colla (Fig. G). Sane brorachiolu lumina wore obliterated 
by mural pol)'ll')Jl) protruaiona with infl.D.mnatory exudate fonning crescent-like 
air passasoa. tn a r~ severely damftged bronchioles, the lumen was almost 
completely obli tttrated by SMnulomatous t.luue which wac fonncd by orgar.izing 
exudate l••vin~ a allt·llkc apnc~ between the epithelium ~nd the intralumin~l 
polypoid !Mil. The eubmuco..a of the trachea. and large bronchi was swollen 
and inf1Hnted by JlMN leucocytfHI and round cella. The small brcnchi and 
bronchial•• woro cuffed predominently with lymphocytes, plasma cP.lls, 
rr.onocytco :lnr! mrr le•JC'OCyt"ff, Th~" 1nflllr.mttory rea ~ tion W&D conrined :Jharp]" 
to peribront ~hlc.l or P"ribronchiolAr an!as. 

Th11 "' r r'ulnlll::t'll """ alveolAr r.. :- ;:>ense to PAP!<'' were l>l&~tlc6..lly simllur 
'o thocc of TDl, rn contnutt to TDI, PAPT·".l <li\1 no t. produce prominent 1\cute 
infhlmmnl.ory oxu..J&t.e ·~ml mucus in t:1e air paoaages (Fi~. 7). Inhnled PAPI'--;y 
wa ~· readlly rnco1111ized as minute tlroplets "' . as linear preciritntt' on the 
t'pll.hcllwn or l.hu dr pnceages r~•Jsing necrosis and ohlitere.tive bronchiolitis 
(Fig. 0). Tho vrocipltat8 was slightl, birefringent under polarized microscopic 
exam1nat1~l. Pelle y~llow rerractile droplets, ranging in size from 1 to 5~ 
in dio.mctor, woro found mainly iu desquamo.ted epithelial cells, superficial 
epithelium l'f' thtt llir pnooo.gec, alveolar l!lllcrophages, and alveolar septal 
cellr ( F'llt.. 1)). The opi thelial rcgo~neration and organizing cxuJr~te became 
more pr0nounc·od u11 t.he eoventh uny poot-exvoou.,. 

~nr Exposul'f! 

Mon L vr t.he alr pn11nagco nppcnrcd to be normal. A few bronl.!hial trees 
showed tlnuq•a"'r•l.ivra vf UliiJel' l'lclnl epithelium e&rul epHhellal re~cnerntion 
(Ft g. 10), Til rom~•rinon with other isocyanBtco, da.zmge of o.ir pnssages was 
vr· ry mild , ""'' ohl.lt.crfttive bronchJ.olitis W&l!l not l!'nr.ount.ered , 

Jlylene'"l W ~~x~ 

Tn t~plt., ol' epithelial dO.IMI,~t• of the Jlftnl!l&lt.es, only n nc,;lihible 
11rnoullt. 01' tH~ lii.O lnl 'lnnwna.tory cxurtoto was found within th'! lumt>n nnr' no 
ohl1t.l"r>•l.tvr• ltronddollt.ln lluvcloped, In cont.mst to other isOcj·&nates, the 
cp1tlacl1uiTI 111' t.lr,. lnr1~ft "ir pnssages revealed IJI'Ominent. hypennucous secreting 
11 c tiv1ty turd proclpitnted rmterial was not rcco,.,.nl7.ert in the uronchht.l 
cplthcllum (fl'l~. 11). Superficilll tmr.heA.l epithelium was llcsqu!liMted and 
nhow~d r"\rt.llll nqw\rnOUII mntnplnsin. Arter the neventh day p:>nt-~h~llenge, the 
t'pl thelium ur t,h" '" r pllnnagcs wan regeneratorl nnd intralwniuul l~xu.late wus 
o r~J:nn 1 :·. c.J , 

N" '-"' : ll••t.,, llntl pf\tholo,.,,.v of' lunf!.o in describctl ln Pathology Jlcport.o 
No, o'.la-'(0 ''"'' No. : ·(·- '1 1. 



- r. -

DISCUSSION 

The ~uestion as to wheth~r immunologic mechanisms are ·:nvolved in the 
haznrd of i3ocyanate exposures ia fo.r from settled and beckons new i nvesti
gative appr .. :.1ches. Also, little infonnaticn is -lV'c.l.il.able about cros3 
sensitization proble~n arnon~ isocyanates. 

Clinical s~nptoms o. workers exposed to isocyanatEs have suggested the 
posaibility involving i~~·mologically mediated hypersensitivity. However, 
no concrete evidence for an immunological response to isoc~~nates among 
loiOrkers appears to have been reported. Sensiti ·re workers exhibited an 
asthma-like response to minim~l atmospheric concentration of isocyanates 
which failed to provoke tlny pulmonary response to non-sensitized people (lt8). 
Those workers showing typical bronchial asthmatic symptoms frequently 
<ievelo~<l eostnophiln (10, n'1 1 69, 7<;). Previously sensitized workc-.·s 
developed marked a11•.hmatic si ;~"ls within a few minutes after inhaling an 
insignificant amount of isocYbJ:ates {8). A relatively long latent period 
between i~itial exposure and symptoms suggestive of sensitization has been 
ob~erved among exposed workers (h5, '>9). ~ince normal workers rcvealc~ 
asthmatic symptoms following ~xpo&ure to relatively hiF.h airborne isocyanate 
concentration for a short period of time, or to moderate concentration for 
a. longer period (10, ~'5), it is difficult to distingul:;h by cllnicnl oymptorr.: 
whether the asthmatic ~~ction to the isocyanate exposure is caused by direct 
,.h,.mh'0\1 irritat.ion or by immunological hypersensitivity. 

The reaction of allergi~ ~ nhalation te~;:t cnn be divided into inunediate, 
la tc.: ot· dual in terms cf the!::- speed in appetlrine and peri phP.l"'tl rPRp1l"'ltnry 
(allergic alveoli tis) or tronchial allergic reaction 01 2 ). Immediate reactions 
are of rapid onset and begin within 10 ~inutes, reach a peak by 15 to 30 
minut~s, and resolve spontaneously within one to three hours. The mechanism 
of the immediate allergic reaction in the human lung has not been clearly 
flpf1n<>li 1 hnt. H t11 po,;t.nlater1 that bron~hial obstruction is largely att:ribut
llble Lo mediators, probably histamine, SER-A, bradykinin, acrotonin anrl 
prostaglandins (9). Release o~ enzymes from leucocytes may be an important 
ph~nomenon in the late allergic reaction (13, 47). The lysosomal enz~nes of 
the PMN leucocytes are the source of the mediators involved in the development 
of infl8.1'11Jmtlon and lol:al vasculitis (7 3). 1'hosc workers exposed to TDI 
us ually responded to late aller~lc reaction and oc cusion:~.lly to il'lll\cdlntc 
reaction. 

Trnmeulate reaction occurs in the airways and cau3es asthma without 
syst.cmat.ic features such as fever and leucocytosis. This may provoke a 
blood co:i: . .:lphilin ~ :;u:J.lly ns sociatcd with ilTIIlediate-type skin sensit i vit~,r 

( ~' ) ). The immediate asthmatic reaction correlated with reaginic skin 
s ens iti , ing antibodies that have recently been identified as IgE immunoglobulins 
( .~ · :· , (' 1• ) . Tn aluple suuj~ds. Lli~ lmmtul!I.Lt: r~ud,lou .i:; u.~ulutcd by the IgF. 
nntibodlc:::, while in nona.topi c nubjccts :1.t ll\3.:'1' be r:lue to Ie;G Rnt. ihorliP.~: (5 ;.> ). 

lAte asthJr,'\tlc reactions begin between ;. and 13 hours, usually betweer. 
l, one! r hours after allergen !nhalation. They probr e;;;;:; lo a maxl z~um :no!·~ 
~ lnwly -within one hour or over several hours and are more prolongen, usua l ly 
wi thin :•11 to 48 hours, but may last for severaJ days. Their features include 
febriJe nt~ncks with FMN leuLocytosis, asthma and peripheral respiratory 
r eue tion or as an a$thmntic reactiou in which the aystemic features are less 
pred lctnblc. 
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DISCUSSION (~ontlnued) 

These late asthmatic reac ons have been observed following the 
inhalation of a variety of part e s lncl•tdir:~ hoose dust (7, 29, 44), 
grasa (19), ragweet\ pollen (46), &cillu~:. .''- ~ ~~~~J.! enzymes (54), cotton 
dust (70), wood dusts ((,6), lrds (5~), pl ... ,.·: J.ic e~.cid (17), ar-d amino
ethanolamine (67). Close CuJ·relation to dua l sl<.ln reactions and 
precipit&ting ~tibodies have not been found the inhaled ~rticles 
just mentioned. The late reaction with pyrexial and peripheral respiratory 
reaction has been reported in peti.,nts with fanr:: r' s lnng ( 5), bagas~osll! 
(2~, 28), malt worker's lung (18, 62), bird fancier's lung (27, 61), 
mushroom worker's lung (31) and fish-meal worker's lung (~). They were 
associated with precipitating antib~ies, and in malt worker's lung and 
bird fancier's lung with lste ··kin reaction. The precipitating !lllti· 
bodies involved in late asthmadc reactions were IgA, IgG, :.or I~ (22). 

Scheel, et al. used PCA and gel diffUsion techni~ues to demonstrate 
specifj c TDI antibodies in the sera of rabbits immunized by intro.venous 
injection of TDI egg albumin c~!'.j~gates (61•). However, the possibillt.y 
that the serum antibodies might be as~ociated with the carri~r prot~in 
c~not t~ ruled out. Conversely, Thompson and Scheel reported negative 
results in an attempt to intensify sensitivity to TDI expo~ure for 
pertussis-treated rats and to depress sensitivity for slloxan-treated ratR 
(72). They suggested that the pulmonary response to TDI exposure was due to 
chemical irritation 1~ther than immune reaction (72). The serum antibodies 
were demonstrated with MDI egg ~lbumin conjugates by the PCA test using 
~i nt!a pigs and the sera from humans exposed to MTH 05) . However 1 no 
detailed infonnation is provided in order to question whether the exposed 
subjects became sensitized. Direct skin tests of apr -rently s e nsitized 
humans ~ith TDI itself have failed to show positive reaction (68, (,9). 
Recently, in an attempt to demonstrate ~erum IDI antibodies in the sera 
from huoans, TDI human serum albumin (HSA) conjugates have been used as 
t.f'!!'lt. Rnt:le;enfl "ncJ utilizert t.hP fo11ow1n~ terhn:l ·l••es: lympho~yt.e trans-
1\:>nnation test, PCA test, Prausnlt.z-KUstner test (P-K test), passive 
hemagglutination test, leuc0 ·ytes histamine release, and the gel diffUsion 
test. Of these tests, only the lymphocyte transfonnation test revea~ .ed 
positive reaction, suggesting the presence of TDI antibodies, oth .... r tests 
produced negative results (2 , 8). The lymphoblast transfo:rnatlon of 
lymphocytes in culture presented some evidence to support the possibility 
that asthmatic symptolll!l of humnns exposed to TDI rnay be an immunoloe;ical 
reaction mediated by lymphocytes. 

The mole~•1la r ~ t nJctu Tf:.' of the i s0cyana t'?s uccd in tht>::-~ l!Xpe rlments 
wa~ 4ull~:: ulfft:l'elal, llae uJaly common thing was the presence of isocpnate 
~~up(s) (NCO). Bruckner, et al. noted that the isocyanate group attached 
to wrious aH ph:ltic and aromatic molecules was responsible 1'or the chemical 
reaction a.s well as the biological effects of the isocyanate compounds (8). 
In our antigen preparation for gel diffusion, it was impossible to accurately 
estimate the numb~r of TDI haptens per molecule of BSA, since TDI reacted 
with water. Probably TDI-B~A conjugates ···"Y not. be the proper Jmmunological 
vnlcncc to elicit a prccip~tin reaction. 
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DISCUSSION (Continued) 

Severt\l lnvea ~igators have demonatrated that the human imunoglobulin 
class differa in its ability to sensitize animal skin. Human akin sensi
tizing anti bodies ( ~agenB) reaide 1n a unique i.mraunoglobulin clasu U111. t ba:; 
been designatel1 '"' IeE (2:'i, ~0, 37). These &ntibodies also aenoiti:ze m.:>nkey 
akin and produ~ P-K and PCA rnctiona parallel to those found by direct test 
(24, ~8, '9). In contrast, the capacity to pasnively sensitlte ~ulnen pig 
aktn is limitecl to certain subclass of ISO (71). Human precipitatin~ anti
bodies IJ&Ye poaiti ve PCA reactions in guinc.:~ pigs but not in monke~s ( 11). 
In the caoo of reapiratory allergy due to moth flies, antibody activ1ty 
~ft demonatrated in the patient's acrum by the direct akin teat and passive 
transfer to human and monkey skin, b.Jt nut. Lo guinen pig skin (f..o). In 
these exporiments, fivt> •rorkers who workt~J in a plant producing iflocyanat.es 
or relat~~ products ana who had asthmatic ~ymptoma were subject~ to the PCA 
te~:t in tho guinn pigs. The number of eubjt' r: ts was too small to draw a 
definite e):planation for the negative reaults. However, 1t cannot rule out 
the poooibil1ty that the negative resulta of the PCA test might be ascribable 
to the humftn immunoglobulins which invol~d the bronchial asthmatic oymr·~~ 
but were unable to sensitize the guinea ~!~ skin. Among the several factvrn 
that might account for failure to obtain positive r~3ults from the PCA test 
with the nern from guinen pigs expose~ to MDI, PAP!®, and ~1ene® W, low 
antibody titer waa suspected because the guinea pig~ were exposed to 
relatively low o.tmospheric concentration• of isocyanates for n short period 
of time. In ordor to clarify thio que~ttion, anti-isocyanate hyperimmune 
sera, which were obtained by topical akin application with iaocyanates or 
by intnunuscular injection with isocyano.tea in incomplete Freund' 11 ndjuva.nt, 
were use d for the PCA test. r.uine& pi~ anti-TDI sera produc~d w1iformly 
positive roact1ona of ~A, but negative results were obtained invariably 
with Clthcr ant~. -iaocyanates sera, 

It lll'lR ~ocn reported that r;CJf. of tho asymtomatic indi vtljuala inhaling 
organic dunt anti .~ens may develop serum precipit1ns to those l!Wlterials 
without devoloplng any features of a hypersensitivity i;ncumon1t1.s (1•, f. , 1:', 
~'0, 23, )5, Gl, G~). In addil.lon, prec1p1t1ns and MDI nerum ant.1hodlell 
against known antigens tend to diminlflh or disappear with cesoo.tion of acute 
riisease "<'tivit:v Ori, 55). In view of these facts, an 1mmwlolog1cal test 
should <>c used only as confi:rma.tory evid"nce. Obserro.tion of wor~ern afLer 
II& tun..~. oxpo1H1rn lo icocyo.nnteR must. be conoidered to have a more sip11i ficant 
vnl 11 c for 1:1C~en1 n ~ hypcrsens 1 ti vi ty. 

Severul nludics have report.P.rl ·'.ecrensen in ventilatory f'nnctiofl that 
occurred t..lurl.zl, ~, the Rympt.omatic perio 1 in subjects .suspected of ~~~piratory 
senslti7.rt1on by 'l'tH ( "'J (-,, 69, 65). Some ~vidence for a curnulllllve effect 
wan sugge11tod by measurements of forced ~xpiratory volume in sccOtlll (E~ ) 
fnr one week (~~). Subsequently, the preoonce of a cumulative effect of TDI 
on ventilnt.ory Cli~clt.y was confinned t~-fl.11l' follow-up ::tudlctJ amnn -: t.hece 
workers for nix months to two years (r,7, r,B). In this study, the slight 
elewtion of o.l~"VI\)' resistance which occurred during sensitization with 
llylene1~1 w o.nd PArr•) might be attributo.b.\c ton di ~ct irritative cffccL on 
~he ~ir rnnnn~en. A Rimilar slight VP.nt11~tory uecrease waR reported in 
non-ocnciti~t'!.l hnrMnR with isocyn.nnten following exposure to rDI nnd MDI ( ~f. ). 
Severo) chcrnlcnl compoundn were known to cnuse bronchospusm 1.\11 u .rcuull of 
Jir·ect. lrr1tntiou on the respiratory po.oanges (::'1, :->h, r,q). Conjectured 
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DISCUSS IO~ ( Cont:1 nue:i) 

from tne observaticn of the abrupt increas~ in airway resistance with TDI 
chullenge, the presenc~ of serum antibodies detect~d by the PCA test, an1 
the prominent exudative changes, as well as plasma cell infiltration in 
the airways, TDI may be a ~tent chemical sensitizer causing asthmatic 
pulmonary response. However, 1 t should be mentioned that f .:rther iln
r.mnologica..L s tudiC'S a.re necessary to prove definitely whether or not 
the serum antibodies dernorstrated by the PCA test alu ref:.?Qnsible for 
respiratory hypersenslth · : . Interpretat.ion of tht> slight tlevstion 
of the airway resistance · · .. :uinea pigs follO'Ifinp: PAP~ challenge was 
difficult because the mab·· . •-.ude of ail-vay re.cist.a:1ce was not as drastic 
tul Uw. I. seen in TDI ch&llengP. and because of the nega t1 ve results with 
the PCA test. In view of the marked oblitt~tive bronchiolitis, ~light 
airway resistance may be related to damaged air passages and direct 
irritation rather than immunological reaction. Based on atmospheric 
concentration of isocyanates ln t.hese experinents, it is improper 'Go 
~ompe.re the results of airway resistance '-Lt1d pulmonary lesions seer. ~n 
TDI exposure with other isocya::~ates becaus~ animals were exposed to 
different atmospheric concent~tions. However, in terms of aerosol 
sensitization, atmospheri~ concentrations of other isocyanate& were high 
enough to induce immunolo~icai reaction, since animals succ1~bed to the 
exposure when the atmospheric concentration WRS raiRed in an attempt to 
obtain hyperimmunc sera by aerosul exposur.e. 

To clarif'y whet.her neg11ti ve PCA rcnctions of tsor.YBnates, 
other than TDI, were due to sensiti.zation with lower atmospheric con
cen~rations. rabbi ts and guinea pigs were hypertmmunized by intra
n,uscular injection or topical skin application with the same amount of 
isocyanates. The only positive PCA test reaction was obtained from TDI 
~r.tiserum. All other iaocYhnate antisera produced a negative reaction. 
From these results, one can rule out the possibility that the negative 
PCA test was related to lnwer sensitizing conccntrationo of the isocyanates. 
A possible explanation for the positive PCA reaction after TDI e::posure 
is the relatively high concentration cf NCO groups in TDI in comparison 
wit.h t. h~ ot.hPr 1Por.Y'Inat.es. Since the equivalent weight of TDI is 
approximately 70~ of the other isocYBnates tested, the gulner.. pigs in the 
TDI exposures received roughly 50%, more NCO groups per weight of dose than 
for the less volatile isocyanates. There is a difference, therefore, of 
one to two orders of magnitude ~~nter concent.rotlon of isocyanate functions 
in the TDI experiments vs. the other i:;oc:;n.nntes. 

Little is known ref:Rl"flinf: pulmonary responses to immunological 
reaction. Licbow dcs~ribed tr - followin~ patholo~ical changes as criteria 
t.o allt::r~.i.c !JII ewuonills: ex t ensive eosinophil1 reactions, plasma cell 
l:-~filtrntio:-1, an~it::.s or granulomatosis, and noncaseating ~ranuloma such 
n s~rc otdor.i:: (111). The a:;~h.":-.::tti c patic:;ts cxhibi ted gamma globulins 
l!'A, (~, an(i/or M deposits beneath t.he bronchiRl epithC'lium (ll1, 1~, r:8). 
Tn !Jf\lienl>l with as~hmn, re~cnt immunohistochemir:al studies hav·e shown 
nonspeci fie locali7.at1on of T ,~ E. 1t was impossible to distinguish the 
skin test positivP individual from the skin test negative individual on 
LitE> b!lsis of the number of f'< E-containl.nP: mononucleRr cells in the bronchittl 
:;ection (11, ) . The l11n~ can be part. of .u,~utc gencro· · cd allergic react.lons 
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characterized by exudation. The infiltration of PMN leucoc~es 
in the early ~tagea of allergic reaction in farmer's lung (6). 
mononuclear cells, plasma cclll and lymphocytes appeared in the 
stage of the nllerg1c reaction. 

occurred 
The 
l&.tter 

After the TDI challenge, the striking h1.stological changes were 
heavy infiltrati ~. , of ~ leucocytes in the ahvays superimposed upon 
changec of chronic obliterative bronchiolitis, ond dense poribro~chiolar 
cuffir.g with plasma cells. n1e chronic bronchiolitis vas probably 
pro • .teed by conaer.uttve senaitl:tl\tion exposure dth TDI, ani subsequently 
he&V)' PMN leucocytic infiltratinn vas induced by challenge exposure. 
Abundant exud11tfo, JMtnly PMN leucocytes and damge in the ain~ays appeared 
to be partially ~sponslble for the marked elevation of airway resistance. 

KPL: ljm 
April 1(,, 19711 
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